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Abstract 

Objective To examine whether observed differences in dementia rates 
between black and white older people living in the community could be 
explained by measures of socioeconomic status (income, financial 
adequacy, education, and literacy) and health related factors. 

Design Prospective cohort study. 

Setting General community from two clinic sites in the United States 
(Pittsburgh, Pennsylvania and Memphis, Tennessee). 

Participants 2457 older people (mean age 73.6 years; 1019 (41 .5%) 
black; 1233 (50.2%) women), dementia-free at baseline, in the Health, 
Aging, and Body Composition study. 

Main outcome measure Dementia was determined over 1 2 years 
(ending January 201 1 ) by prescribed dementia drugs, hospital records, 
and decline in global cognitive scores. The influence of socioeconomic 
status and health related factors on dementia rates was examined in a 
series of Cox proportional hazard models in which these variables were 
added sequentially in covariate blocks. 

Results Over follow-up, 449 (18.3%) participants developed dementia. 
Black participants were more likely than white participants to develop 
dementia (21 1 (20.7%) v238 (16.6%), P<0.001 ; unadjusted hazard ratio 
1 .44, 95% confidence interval 1 .20 to 1 .74). The hazard ratio lessened 
somewhat after adjustment for demographics, apolipoprotein E e4, 
comorbidities, and lifestyle factors (1 .37, 1 .12 to 1 .67) but was greatly 
reduced and no longer statistically significant when socioeconomic status 
was added (1 .09, 0.87 to 1 .37). 



Conclusion These findings suggest that differences in the burden of 
risk factors, especially socioeconomic status, may contribute to the 
higher rates of dementia seen among black compared with white older 
people. Strategies aimed at reducing these disparities may favorably 
affect the incidence of dementia. 

Introduction 

Differences in rates of dementia among diverse populations 
have garnered recent attention. Older black people have a higher 
prevalence of Alzheimer's disease and other dementias, and 
potentially a faster rate of cognitive decline, compared with 
older white people.' 5 Previous studies have shown that genetic 
mechanisms are unlikely to account entirely for the higher risk 
of dementia among older black people, 6 " 8 suggesting that other 
factors may explain this variation. Compared with older white 
people, black people have a higher prevalence of socioeconomic 
status related risk factors for cognitive impairment, including 
less education and literacy, and poorer health. 2 1 9 Studies of 
dementia rates among diverse adults have generally taken into 
account comorbidities and education,"" 2 but they have 
overlooked other socioeconomic status factors such as financial 
stability and literacy. 

Although socioeconomic status, quantified by education and 
financial indicators, has been associated with measures of 
cognitive function, 13 little is known about its contribution to the 
risk for dementia. Low socioeconomic status, particularly less 
education, has been found to predict cognitive decline 
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independently of biomedical factors.' 4 Quality of education, in 
addition to years of education, may also be an important 
determinant of cognitive outcomes, 3 1518 yet few studies have 
accounted for this. Low socioeconomic status has also been 
associated with worse physical and mental health outcomes, 1 ''" 22 
which may further increase the risk of cognitive impairment. 23 

We sought to determine whether black older adults had a higher 
incidence of dementia than white older adults and, if so, whether 
socioeconomic in addition to lifestyle and health related factors 
explained this variation. 

Methods 
Study population 

Participants were part of the Health, Aging, and Body 
Composition study, a prospective cohort study, beginning in 
1997, of 3075 community dwelling older adults aged 70-79 
years and without dementia on recruitment to the study. To 
identify potential participants, a random sample of white 
Medicare eligible older people and all black older people within 
designated zip code areas surrounding the Memphis, Tennessee 
or Pittsburgh, Pennsylvania field centers were contacted. 
Eligibility requirements included no reported difficulties 
performing activities of daily living, walking a quarter of a mile, 
or climbing 10 steps; no life threatening cancers; and no 
intention of moving out of the study area. All participants signed 
an informed written consent. Our analytic cohort consisted of 
2457 Health, Aging, and Body Composition study participants 
who had complete information for all variables of interest. 

Measurements 

Dementia assessment 

Onset of dementia was determined by the date of the first 
available record of a diagnosis of dementia identified by any of 
the following criteria: hospital records indicating a dementia 
related hospital event (participants were queried about hospital 
admissions every six months, and hospital records were 
reviewed for either a primary or a secondary diagnosis of 
dementia related to the admission) and a modified mini-mental 
state examination score of 90 or below (completed at baseline 
and years 3, 5, 8, 10, and 11); record of prescribed dementia 
drugs (galantamine, rivastigmine, memantine, donepezil, or 
tacrine) determined with a drug inventory administered at the 
annual visit; or race stratified change of at least 1 .5 standard 
deviations on the modified mini-mental state examination score 
from baseline to the last available visit. We were not able to 
assess diagnosis of dementia if hospital records and clinic data 
were missing for a participant. We defined time to dementia as 
the length of the interval between the study baseline and when 
the participant was classified with a diagnosis of dementia or 
censored from observation at the last available contact. Data 
were available through January 201 1. 

Demographic and socioeconomic characteristics 

Participants' race, age, and sex were based on self report at 
baseline. Socioeconomic status measures included family 
income (<$10 00; $10 000-49 000; >S50 000); perceived 
financial adequacy (categorized as financially inadequate if 
participants reported that their income did not meet financial 
needs, they did not have enough money for food, or they did 
not have money left at the end of the month); and education 
variables, which included level of education (categorized as less 
than or some high school; high school graduate or technical 
school; some college) and literacy level, determined by the rapid 



estimate of adult literacy in medicine (REALM) test, 24 a word 
recognition test of 66 medical terms with varying degrees of 
difficulty, administered at year 3 and categorized by reading 
level (<9th grade; >9th grade). 

Health related characteristics and comorbidities 

Presence of diabetes mellitus was determined at baseline and 
during annual follow-up assessments by self report, use of 
hypoglycemic drugs, a fasting glucose of 126 mg/dL or above, 
or a two hour glucose tolerance test above 200 mg/dL, in 
accordance with the American Diabetes Association's 2002 
criteria. Presence of hypertension was determined by self report, 
antihypertensive drug use, and clinical measurements taken at 
the baseline examination. History of stroke and myocardial 
infarct was based on self report, clinic data, and drug use. 
Apolipoprotein E genotype was determined using standard 
methods, 25 and participants were coded as e4 carriers or 
non-carriers. Depressive symptoms were assessed using the 20 
item Center for Epidemiologic Studies-depression scale, and 
depression was defined as a score above 16. 26 

Lifestyle factors included baseline measures of number of 
alcoholic drinks per day (categorized as one or less versus more 
than one drink a day), current cigarette smoking, and self 
reported physical activity (total kcal/kg expended per week). 
Body mass index was calculated (as kg/m 2 ) from direct height 
and weight measurements at baseline. The modified mini-mental 
state examination, a brief, general cognitive battery with 
components for orientation, concentration, language, praxis, 
and immediate and delayed memory, 27 was administered at 
baseline and repeated at years 3, 5, 8, 10, and 11. Scores range 
from 0 to 100 points, with lower scores indicating poorer 
performance. 

Statistical analysis 

We firstly did bivariate analyses to test for associations between 
baseline characteristics and race by using x 2 tests for categorical 
variables and t tests for continuous variables. We then used 
Kaplan-Meier curves to examine the time to dementia by race. 
We used a set of Cox proportional hazard models and added 
explanatory variables in covariate blocks to examine the 
association between race and incidence of dementia. Models 
were constructed in the following order: demographics (age, 
sex) and apolipoprotein E e4 status; demographics, 
apolipoprotein E e4 status, and comorbidities (body mass index, 
history of stroke or myocardial infarction, hypertension, 
diabetes, depression); demographics, apolipoprotein E e4 status, 
comorbidities, and lifestyle (current smoker, alcohol use, 
physical activity); and demographics, apolipoprotein E e4 status, 
lifestyle, and socioeconomic status (education, literacy, income, 
perceived financial adequacy). Each component of the covariate 
block entered the model simultaneously. To investigate the 
possibility that a greater incidence of dementia may be explained 
by lower baseline cognition, 17 we created an additional model 
that controlled for baseline modified mini-mental state 
examination score. We also calculated the excess hazard for 
each covariate block, 28 and then calculated the hazard ratio for 
incidence of dementia associated with each individual 
socioeconomic status factor for the complete sample and 
stratified by race. We used SAS statistical software, version 9.2 
for all analyses. 

Results 

Among the 2457 participants, 41.5% (n=1019) were black and 
50.2% (n=1233) were female. At baseline, the mean age of the 
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cohort was 73.6 years, 24.6% did not complete high school, and 
12.8% had an annual family income less than $10 000. Black 
participants were younger and more likely to be female and 
apolipoprotein E e4 allele carriers than were white participants 
(table 1 !J). Black participants were more likely to have a higher 
body mass index and history of hypertension and diabetes but 
not stroke, myocardial infarction, or depression. Black 
participants were also less physically active, more likely to 
smoke, and less likely to drink alcohol. Compared with white 
participants, black participants had a greater burden of low 
socioeconomic status measures, including lower education, 
literacy, family income, and financial adequacy (all P<0.001). 

During 12 years of follow-up, 449 (18.3%) participants 
developed dementia. The incidence of dementia was higher 
among black than white participants (21 1 (20.7%) versus 238 
(16.6%); P<0.001) (figure^). Among those with dementia, 172 
(38%) were on drug treatment, 280 (62%) had a hospital 
diagnosis, and 227 (51%) met the criteria for cognitive change. 
Results from unadjusted Cox proportional hazard models 
showed that black participants had a greater hazard ratio for 
dementia (1.44, 95% confidence interval 1.20 to 1.74) than 
white participants. 

After adjustment for demographics and apolipoprotein E e4 
status, the hazard ratio was reduced slightly but black 
participants still had a greater risk of developing dementia (table 
2IJ). Demographics and apolipoprotein E e4 status accounted 
for 18% of the excess hazard among black participants. The 
addition of comorbidities and lifestyle factors did not 
substantially alter the hazard ratio for race; 16% of the excess 
hazard was explained by including demographics, apolipoprotein 
E e4 status, comorbidities, and lifestyle factors in the model. 
When socioeconomic status was added to the model, the hazard 
ratio was greatly reduced and became non-significant (1.09, 
0.87 to 1 .37). The addition of socioeconomic status to the model 
accounted for 80% of the excess hazard among older black 
adults, suggesting that it accounted for a substantial proportion 
of the increased risk of dementia. The addition of baseline 
modified mini-mental state examination score to the model 
attenuated the effect size slightly (0.97, 0.77 to 1 .22). We found 
no interactions between the effect of race and socioeconomic 
status measures on risk of dementia. 

In the models of the effect of each socioeconomic status factor 
on the incidence of dementia, among all the participants, having 
less than a high school education, less than a 9th grade literacy 
level, and a family income of less than $10 000 and reporting 
financial inadequacy were each associated with an increased 
hazard for dementia (table 3 0). Among white participants, 
having less than a 9th grade literacy level was associated with 
an increased hazard for dementia. Among black participants, 
having less than a high school education, less than a 9th grade 
literacy level, and a family income of less than $10 000 were 
each associated with an increased hazard of dementia. 
Participants who reported having all four low socioeconomic 
status indicators also had a greater hazard of dementia (1.32, 
1 .22 to 1 .42) than did those who reported no low socioeconomic 
status indicators. This relation was consistent among black and 
white participants. 

Discussion 

Consistent with previous studies and national data, 1 2 5 29 our 
results from this study of community dwelling older people with 
more than 12 years of follow-up showed higher incidence rates 
of dementia among black than white participants. The risk of 
dementia was reduced but remained 40% higher among black 



participants after adjustment for demographics, apolipoprotein 
E e4 status, lifestyle factors, and comorbidities. When we 
accounted for socioeconomic status, differences in the risk of 
dementia were greatly reduced and no longer significant. These 
results suggest that black-white disparities in risk of dementia 
may be largely attributed to socioeconomic differences. 

Comparison with other studies 

Previous studies have shown that socioeconomic status may 
influence cognitive measures and help to explain differences in 
cognitive performance between black and white 
adults. 1 13 14 17 30 11 Previous cross sectional work conducted in 
the Health, Aging, and Body Composition study showed that 
socioeconomic status accounted for a substantial amount of the 
variation in baseline cognitive test scores between older black 
and white participants. 17 Our results expand on these findings 
by providing evidence that low socioeconomic status may also 
increase the risk of dementia. Of the few known studies that 
have investigated differences in the risk of dementia among 
black and white older people, none has comprehensively 
evaluated the contribution of both financial status and quality 
of education. 3 10-12 29 For example, in the Cardiovascular Health 
Study, after adjustment for age and education, rates of dementia 
were reduced but remained higher for black than white 
participants. 1 " " However, education was measured only by 
years attained, and neither literacy level, which may reflect 
quality of education, 15 16 nor income was examined. In our study, 
socioeconomic status, which included income, financial 
adequacy, educational attainment, and literacy level, accounted 
for a significant portion of the difference in black-white 
dementia risk among older adults. 

Potential mechanisms 

Low socioeconomic status has been associated with worse 
physical and mental health, 21 22 32 33 both of which may increase 
the risk of cognitive impairment. 23 People of low socioeconomic 
status may be less likely to access resources and appropriate 
medical care, 32 which may exacerbate underlying conditions. 
Although black participants in our study had a greater prevalence 
of vascular risk factors, including a history of hypertension, 
diabetes, and current smoking, these factors did not seem to 
contribute substantially to the difference in the risk of dementia. 
Previous studies investigating racial differences in functional 
decline and disabilities among older adults have shown similar 
results that socioeconomic status may contribute more to 
disparities in functional status than in chronic conditions. 34 35 
The reasons for this finding are not well understood. 

Socioeconomic status may influence cognition in late life 
through several other potential mechanisms. Low socioeconomic 
status may increase physiological stress and contribute to greater 
allostatic load, a cumulative measure of multisystem biological 
dysregulation that includes inflammatory, metabolic, and 
cardiovascular processes. 36 " 38 Chronic stress has been shown to 
impair neurogenesis in the hippocampus in animal models and 
has been associated with reduced hippocampal volumes in 
human neuroimaging studies. 36 37 Education may directly affect 
cognition through building a cognitive reserve to help protect 
against brain deterioration. 3 '" 41 Results from a previous Health 
ABC study found that among older adults with low plasma |3 
amyloid concentration, those with greater cognitive reserve 
showed less cognitive decline than did those with less cognitive 
reserve. 42 Education may also affect cognition indirectly through 
fostering healthier lifestyle choices and improving health literacy 
that may lead to better health management. 32 43 Literacy, as a 
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potential measure of quality of education, may affect cognition 
through many of the same mechanisms. 

Strengths and limitations 

Our study had several strengths, including a long follow-up 
period in a relatively large sample of black and white community 
dwelling older people. All participants were without dementia 
at baseline. We also had comprehensive measures of 
socioeconomic status and were able to evaluate literacy level. 
To account for differences in baseline cognition and the potential 
influence of race and socioeconomic status variables on 
cognitive change score, we used a 1 .5 standard deviation cut-off 
to classify a participant's personal change in modified 
mini-mental state examination performance relative to that of 
their race matched peers, in line with others' definitions of 
cognitive impairment. 44 45 

Our study also had several limitations. Our study population 
was relatively well functioning at baseline, so the results may 
not be generalizable to older adults with disabilities. Although 
we believe that our method for identifying cases of dementia 
was sensitive to capturing people with dementia, our diagnosis 
was not based on a formal clinical assessment. Some participants 
with mild cognitive impairment or who were delirious may have 
been classified as having dementia. We also did not have 
measures of early life adversity. 46 47 

Conclusion 

In summary, our results provide evidence that differences in 
participants' characteristics, in particular socioeconomic status, 
may contribute to disparities in the incidence of dementia among 
black and white older people. These findings also suggest that 
socioeconomic status measures such as income and quality of 
education should be taken into account in studies of dementia 
and cognitive health. Reducing these disparities is a critical goal 
for both overall health and cognitive aging, and future studies 
should investigate whether improving lifelong education and 
other socioeconomic risk factors will reduce the risk of 
dementia. 
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What is already known on this topic 

Black older people have a higher incidence of Alzheimer's disease and other dementias than do white older people, but the reason for 
this difference is unclear 

Previous studies have shown an association between cognitive outcomes and socioeconomic status, suggesting that socioeconomic 
status may influence cognition 

However, whether socioeconomic status influences dementia risk, and whether differences in socioeconomic status can help to explain 
racial disparities in incidence of dementia, has not been determined 

What this study adds 

Differences in participants' characteristics, in particular socioeconomic status, may contribute to disparities in the incidence of dementia 
among black and white older adults 

These findings suggest that socioeconomic measures such as income and quality of education should be taken into account in studies 
of dementia and cognitive health 

Reducing these disparities is a critical goal for both overall health and cognitive aging, and future studies should investigate whether 
improving lifelong education and other socioeconomic risk factors will reduce the risk of dementia 
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Tables 



Table | Baseline characteristics by race (n=2457). Values are numbers (percentages) unless stated otherwise 



Characteristic 


wmie (n=i4ooJ 


olaCK {n=iUl9j 


P value 


Mean (SD) age, years 


71 7 (O Q\ 


~7*\ A 10 Q\ 


u.uu** 


Female sex 


ooy {to.D} 


OD'f ^OO.OJ 


<U.UU I 


Apolipoprotein E e4 


339 (23.6) 


365 (35.8) 


<0.001 


Stroke 


110 (7.7) 


90 (8.8) 


0.29 


Myocardial infarction 


172 (12.0) 


115 (11.3) 


0.61 


Hypertension 


781 (54.3) 


724 (71.1) 


<0.001 


Depression 


59 (4.1) 


36 (3.5) 


0.47 


Diabetes 


281 (19.5) 


302 (29.6) 


<0.001 


Mean (SD) body mass index (kg/m z ) 


26.5 (4.1) 


28.6 (5.4) 


<0.001 


>1 alcoholic drink/day 


135 (9.4) 


54 (5.3) 


<0.001 


Current smoker 


90 (6.3) 


169 (16.6) 


<0.001 


Mean* (SD) physical activity 


4.2 (0.8) 


4.1 (0.9) 


<0.001 


Education: 


<High school 


170 (11.8) 


434 (42.6) 


<0.001 


High school graduate/technical school 


497 (34.6) 


314 (30.8) 




>High school 


771 (53.6) 


271 (26.6) 




Literacyt <9th grade 


323 (22.5) 


588 (57.7) 


<0.001 


Family income ($): 


<$10 000 


56 (3.9) 


258 (25.3) 


<0.001 


>$1 0 000-49 000 


1039 (72.3) 


708 (69.5) 




>$50 000 


343 (23.9) 


53 (5.2) 




Financial inadequacy 


96 (6.7) 


206 (20.2) 


<0.001 


Mean (SD) modified mini-mental state examination score 


92.9 (5.8) 


86.3 (9.7) 


<0.001 


•Total kcal/kg/week, geometric mean (log transformed for normality). 
tMeasured at year 3. 
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Table : | Cox proportional hazard ratios for time to dementia by race* (n=2457) 



Model 


Cox proportional hazard ratio (95% CI) 


Unadjusted 


1.44 (1.20 to 1.74) 


Model 1 : Demographics and apolipoprotein E e4 status 


1.36 (1.1 2 to 1.64) 


Model 2: Demographics, apolipoprotein E e4, and comorbidities 


1.38 (1.1 4 to 1.67) 


Model 3: Demographics, apolipoprotein E e4, comorbidities, and lifestyle 


1.37 (1.1 2 to 1.67) 


Model 4: Demographics, apolipoprotein E e4, comorbidities, lifestyle, and socioeconomic measures 


1 .09 (0.87 to 1 .37) 


"White as reference. 
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Table | Associations between socioeconomic factors and dementia risk among black and white older adults participating in Health Aging, 
and Body Composition study 





Hazard ratio (95% CI) 


Factors 


All combined White 


Black 


Education: 


<High school 


1 .47 (1 .1 7 to 1 .86) 0.99 (0.66 to 1 .47) 


1 .75 (1 .26 to 2.43) 


High school or technical school 


1 .00 (reference) 1 .00 (reference) 


1 .00 (reference) 


>Some college 


0.80 (0.64 to 1 .00) 0.72 (0.55 to 0.96) 0.99 (0.67 to 1 .47) 


Literacy: 


<9th grade 


1 .70 (1 .41 to 2.05) 1 .42 (1 .05 to 1 .93) 


1.67 (1.25 to 2.21) 


>9th grade 


1 .00 (reference) 1 .00 (reference) 


1 .00 (reference) 


Family income: 


<$10 000 


1 .66 (1 .29 to 2.1 5) 1 .49 (0.80 to 2.77) 


1.45 (1.07 to 1.96) 


$10 000-49 000 


1 .00 (reference) 1 .00 (reference) 


1 .00 (reference) 


>$50 000 


0.92 (0.71 to 1 .20) 1 .01 (0.75 to 1 .36) 


1.00 (0.54 to 1.87) 


Financial inadequacy 


1 .46 (1 .1 3 to 1 .90) 1 .40 (0.88 to 2.21 ) 


1.29 (0.93 to 1.79) 


Sum of worst case levels of above variables (range 0-4) 


1 .32 (1 .22 to 1 .42) 1 .25 (1 .06 to 1 .47) 


1.31 (1.18 to 1.46) 
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Figure 
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Unadjusted Kaplan-Meier curve for time to dementia associated with race 
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